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& coineidence scintillation counter, using a tervhenyl 
crystal phosphor ond 931A photemultiplier tubes, was congtructed 
to be used as the detecting instrument in redioactivity well 
logging, It was hoped that it would prove at Least aa sensitive 
ss the lonigation chember detector now commonly used, If this 
hope could be realized, ite shorter sensitive lengta vould provide 
& more preciae location of strata. 

The invectieation showed, houses. thet this inatrument 
hae not eae high enoush eensitivity for ganra-ray well Lloeeineg. 
The efficiency could possibly be imoroved by the vee of another 
eryetal and tube combination. Due to the eryvetal vhosrher used, 
the efficiency ef the cocunter drone eff at high temperatures, 
go that at 60°C the resronse te cobalt 60 radiation ie enly 1/6 
of that at 5°¢, dince the teapersture encounteren in a borehole 
may be ac high aeIBO°C 44 would be necessary to use @ crys ted 
weieh is not temverature derencent, or to crovide a meeng of 


teaperature contrel,. 
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In the production of o11 from a well it is desirable to have 
a3 much informetion about the sub-surface strata as is econonically 
possible, If it were possible to obtain an accurate driller's log 
or economically sound to take cores at #11 denths, the need for 
further data would be much decreased, Hut such is not the oase, 
Driller's logs are inaccurate in that there is a time lag between the 
moment the bit cuts into a stratum and the time the cuttings are 


received at the surface. Hesijes this, it is net always easy to 


interpret the cuttings with certainty. Coring is an expensive and time 


consuming procedure. 4ven if cores could be obtained cheanly, it 
is often ant pessthio to obtein all the cores in their proper 
relative position. In certain types of rock the cores may be 
disintegrated by the drilling fluid, and cannot be recovered intact. 
fhe information provided by the driller's log, or by cecastonal 
cores, gust be eucplesented by other methods, especially for 
accurate location of the different strata. Hlectrical loging and 
reciosctivity legeing are the tvo methods in most general use. The 
electrics, method depends on a measurement of the resistivity of 
the surrounding rock, and the srontaneeus potential cevelopec in the 
borehole. It cannet be done after the ensinge has been set in the hole, 
or if hichly conductive liauids are present. It is in these caees in 


particular that rediosetivity legging hne proved ite volue. 


A case of partieuler importance ia where « well has been 
drilled throuch » gas or of] sand, to « Lower preiueing vone. 
When the production from the lower cone hoa drowned off, 1¢ 1s 
desireble to determine the depth of the cused off potential “ONE, 
end perforate the e,.ing at this point te resotre production. By 
means of a rediosctivity loz, the sone cen usually be accurately 
Lecs ted. | 

Badio-etivity logging is beet deolt with under two separate 
headings} Gammateray Logeing, anti Induced, or Seutron Losging. In 
the former process, © log fe teken ef the asturally cecuring 
rediosetivity at ench depth. Since different trpes of roek differ 
in =» known wanner in their radicactive content, it is sossible to 
identify the strata, within lieits, from the peace-rey leg. 
Migure 1, from 6 peper by Busseli (1), shows the relative gamma-ray 


intensities of several sedimentary reexe, 


Figure 1. Radioactivity of Sediments 
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The vertical width of line incresses with ®requency of occurence, 
and the intensity of radiction Increases to the right. A general 
rule is thet the darker the rock, the higher the radioactivity, 
For exawple shales are hich where Limetones ond éolowites are low, 
As to the source of the redioactivity, Tiratece (2) clains 
thet eest of it ie due to the x? isctore. This teotors mekes wp 
about 0.011% of naturally cecuring setsesius, which is the eeventh 
most abunient elecent, and makes up 2.405 of See Lltheaphera, 
Russell (2)(4), om the other hand, stetee thet the contribution 
ef the Uranium: end Thorium series is important. Rueseil (4) | 


also gives quite a comprehensive etudy on the Relation of Padiooetivity, 


Oreanic Content, and Sedimentation. 


he sricen 
me 


maerey intensity coee no’ indieate the soresity, or the 
fluid content of the mek. The newtron curve, used in conjunetion 
with the gumus-reay curve, supplies thie information. ‘hen »seutrons 


are G@lowed to bombard the strata surrounding a borehole, seconcary 


sume radiction is produced, which is ée-endent lorcely woon the 
avuantity of hydregen present. “ydrogen, whether in cll, gee, or 
weter, haa the effeet of slewing down the nevirons without ovpreciable 


gamme radiation. Ueutron legs show all hydregen bering strate and 


shale gones «5 lows. Sy comparison with the cumma curve, in whieh 
shales are high and limestones, sandstones en¢d dolomites are lew, 
it is peesible to determine where possible producing zones sre 


leeated, aithough it is net usually possible to diatineuish between 


it 


i 


oil, gas and water. Figure 7? is a ererhion), repreeentation of 
interpretation of the combined logs o# set forth by the Lane«Wells 
Gompeny (3). 

Other types of induced radiosetivity logcing haa been 
avegested, tut om far ew is known no definite date Seve been 
obtained, One method mentioned ia to honbard the borehole with 
gamma rays, ond measure the reenulting veattersc radiation. 

At present the Lane-#elle Comeany ia the major ergenization 
engaged in moking redicactivitr Leas in the field, To obtain the 
gama curve, the detecting inetrument use iv en ionization chamber 
filileé with freon st a hich preasure, so ac te present a Large 
staiooine nese to the gemme prediction. The length ef the chamber 
ic three feet, “ith this relatively lone detecting wit, the 
boundary between two different layers of rock appears on the record 
ag a graéual transition, instead of @ sharp breek. Fowever, te 
leneth is reqvired in order to intereept enough radiation te cive 
an @asily mengurable reenlt, 

‘Sinee the neutron-induced radiation is of higher average 
intensity, « shorter checker ~ only one foot long ~ can be need. 
& radium-beryliius sevtron source is placed in the subsurfece 
instroseit with aovrepriate ehielding te keep the comma radiation 
ef the radium from activating the Lonisation chaw ber. the secondary 
goume radiation received ie of evfficient intensity that the naturel 


( 
gummn radiation is*heeth cipte. 


era 


im 


RADIAIION INTECSITY INCREASES 
i= cate al 


Typical Radicsctivity Log 


A 
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With both detecting instruments the ionisation current is 
amplified end tran«mitted to the surface, Here it le plotted on 
@ yecerding meter whose raper drive mechaniem is synchronized 


with the depth of the detecting inetrument be means of a pair of 


soleyn motors. 


The familier Selger-Muller counter has not »reved practical 
for radiosctivity iceging, en account of ite lew efficiency for 
ganna rays. However it has been stated that a scintillation 
counter is wo te 60% efficient for gamma ray quanta, as compered 
with 0.5% for sceiger tubes. With this high efficiency at appears 
thet « ecintillaticn counter would be practien] ae « detecter in 
radicse tivity loceing. 

The shorter detecting unit - abowt ene inch ~ of a scintill- 
ation counter would muke it possitle te Locate the breake in a 
log auch more preeisely, Zhowld a scintillation counter srove 
more eensitive then the present ionization chanber, it would cive 
logging speed within the same linite of statistical flvuetvation that 


now gziet\. 
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Meany eryateles ond Liquide fluerese when they are hombarded 
by high-epeed particles, or exsored to shaortevave-leneth radiation. 
Such materials are krown ag "“phoophore*®. If the energy of the 
particles or photons ix ereat enewh, the fluorescence caused by 
o single particle may be enourh to be vielble, ae in Setherford's 
original “seintillatien® methed ef counting the alvhe varticles 
tonbarding e fluorescent sereen. If « large anes of vhoanhor is 


ef the goowoerey cocnte will exette 


exposed to coma Keys, many 


acintiliatione when they are sbeoorbed « 


mewhere in the phocrhet. 
Under prover cowlitions the licht of a single selatillation cen 


sted electriaaliy with s photemultirlier tebe. Since the 
phosphors employed are relatively éenas, they stop most of the 


foooeray cuenta. Henge a eelntilistion counter eon Bove a high 


efficiency se compared with a paa-fTilled Celzer tube. 
in m photomultiplier tube the lient falle on « peetesensitive 


‘i by 
gathoée, an’ ejects electryuns. Vhe electrons are agcolers ted “an 


applied potential tewards « "dynede® ciate, vhich they etrike 


with exfficient enerer to couse escontury ealasicon, The seecndary 


@leetrons are aecelerated tow rie a second Gynoda, and eo on. The 


tube contains from 9 to 11 of these dynede steges vo that finally 


aponut 10 etectrons yeoch the collecting enede for exch eriaery 
ehete electren released from the eathode, “hen used with a 
scintillation ypheochor, each scintillation produces s wolee in the 
paotemultiniier elrevit. Thie mailee can he saplified, and recorded 


en any conventional cowtine device. 


ha Cory 
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A difficulty encountered with the scintillation counter is 
the ice eueuis noise in the photomultiplier tube. The electrode 
surfaces, having 4 low work function, as is necessary for good 
sensitivity to light and electron bomberdment, release a few 
thermoelectrons even when no light is incident woon them. Only 
dark current pulses due to emission from the cathode sre fully 
amplified, end affect the counting cirevit. The number of dark 
eurrent pulses varies from tube to tube, but is somewhere in 


the region of 10,000 to 160,000 counts ver second (6). 


(111) Available Materials fo: 


(1)_Photomul tiplier Tubes_ 

There are a number of photomultinlier tubes on the market. 
fable I (7) is a table of the more fresuently used tubes with their 
main characteristics. The main points to be considered in the 
choice of a whotomultiplier tube are its snectral response, dark 
current noise, and emplification factor. A point to be considered 
is that all tubes of one tyne have not necessarily identical 
characteristics. Due to the sensitive nature of the tubes, it 
would be very difficult and costly to insure that all were 
identical. 

(2) Phosphors 

Table II (8,9,10) is a table of the more cemmon crystal 

phosphors available with their main cheracteristics. Table III (11) 


is a table of the more recent licuid phosphors with the one 
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General Properties of Luminescent Materiale 
Mmieelon Decay Relative inerey maser 
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Phenanthrene? 4106 $8 1603 03 0.006 6.12 


Zine Sulphide~ 


Silver Activated 


BSOO LonG #10 2,0 0.278 G.14 


Sodium Iodide- 5 


Thalliwns Activated 


H1L00 a5 3667 246 ~ 0.05 


Calelus ¢ 8306 90S cAI 08 
“uage tate 


Gadmi we 9 5300 100 


Tunes te tea 
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Terpheny)? 3900 2? uD 6. ; 


2 SG ka Pte er 
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Fraction of incident enerey converted inte ¢f luainescent obotons. 
Good oryetale hard to erow. 

Good crystals easily sorwn: sublices, 

Diffiewt to obtain clear eryatala. 

Only cowler or emoll cryetale evailadle. 

Sueellent crystals, hygrescopic. 

Good small erystals vestily obtained, 

Geo wand) eryetale readily obtained, — 

Sxcellent erratels readily obtained. 

Letee ehoak resistant crystals readily obteined. 
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Liquid Phoephors 


Liquid or Solution Efficiency* 


Benzene 0,07 
Benzene @ 70° | 0.07 
Ether Me OF 
neXylene | 0,08 
Hephthelene (502) in benzene (100 ce) G15 
Saphthalene (3$¢)+enthracene (2.752) in benzene (90 ce) G, 36 
fervhens1 (2¢) in benzene (100 ac) at 60°O | 0.64 
fervhenyl (0.52) in m=Awlene (100 ec) 0,80 
biculd dibeneyl at 60% : 0,8 


Naphthalene Crystal 0,67 


* A eolneclidence cireult was ueed to determine the effieciencter. 


$f A Coepton electrons are formed in the sclution each second, 
euch photomultinlier tube counte n= =A tices ner second, 
where <1. The nusher of celineidences per eecond ia given 


by ¢ > x he “hug the retic ¢ = x is 2 measure of the “elfictency’. 


nh 


Bfficiencies are at room temperature wiles: otherwise noted. 


tty 
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ee 


: Sea 


characteristic stwiied. Inportant factors to take into account 
when selecting a phosphor are the density, the epectrum onitted, 
decay constant, end the efficiency for various rad lationg. | 
Althouwch phosphors have been used for many yours, the Intensive 
etudy of note characteriatias te a fuiriy recent development, 
amd there ia «till ne standard wethod of expressing the 
efficiencies. The mass of recent dats is inclined to be 
difficult to interpret. “hereas one author cives the efficiency 
aa the quantity of light produced within the shosvhor ver unit 


anergy aie 


orhed, a secon’ will state thet the efficienay ia the 
quantity of Licht transmitted from the chocpher per wnit energy 
(Of rafiation absorbed. These differ aprreciably on ageount ef 

the Licht trananiesion chorseteristice ef the sateriai. Until 

the studies honoue pore siveneee 1t is coubttel if standardization 


will be introduced. 


It is dsairable thot ag much as poccible of the Licht 
produgea. by the pheerhor be tranemdtted te the rhotosenal tive 
cathode of the photousltipiler tube, an¢ hence it is necessary 


to obtain good cntical ecntact between the phoophoer and the 


tube, “iquld phosphors eutemationlly provice very ood options 
eontact with s tube which is Sanerind in the liquid. In the 
case of cryst«l choerhora, it is usvelly neceseory to shave the 
crystal to confers to the tube, end cement 1t to the clase 


surface, 
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The deri current noise produced by « photoeultinlier tube te 
a hindranee in determining lew counting rates accurately. To 
reduce the dari current te a minimum, the tube may be cocled to 
Liquid alr temperature. Another method ef eliminating the dark 
current effect is to employ a coincidence eireult with two 
photomultipliers viewing the saee phoephor. The enly beckreround 
noise recorded ie then the enall nucber of accidental coincidences 


vetweon thermoelectric pulses in the two tubes. 
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Radioagtivity e* rece hag been meneured by several investicntors 
(2) (3) ond the youclts stated in equivalent cram: of radius ver 
@res of rock, but no data are aveilable on the intensity of radiation 
ta be expected in a bershole in terme of siiedihis nate ted 
radiation unite, sveh ae roentgen white. The prineinal factor 
determining the intensity of radiation in » continvene medium eret 
(1) concentration of the active asterial on¢ energy of the 
radiation: 
(2) the sbeorption coefficient of beth the emitting medium 
ami the detecting medium, ané their reapective geometry? 
(3) enercy transfer by Coopton seatterineg, pair production and 
ehotoelectric emission, 
Various euthore nove dieenesed the effect of self-absorption 
in radiocetive souress, Hadiation from distrivuted sources of 
linear, cylindrical, en’ echerieos1 geometries, has been calculated 
for sesitions of the detector outside the source, but no metsod 
has been vublished for an extensive distributed source, with the 
getecter inside the source, A methed i» here proposed, but calcoul~ 
ations are Llisited te siwsle geonetries. Other typer eof geometry 
veguire extensive mathematics] treateente which are not atteonted 


in this thesis. 
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Consider a uniformly distributed source emitting J quanta 
per ce per second, with an ehsorption coeffielent n on”, Aleo 
consider se non-abscrbinge cavity within the source, as is shown 
in the accompancing sketch. 

If I, is the flux received 
at a3 ver wit eolid angle, then 
Tw ie the flux received from the 


element of solid angle 64, so that 


, 3 @ ay 9 @ er eee HHH BH H OD OD (1) 


ene: iets pe eS li ee ee) 
if artes 1, and B>? By as ie certainly the case in «a borehole, 
the exponential term can be nerlected, and 


1 * sf a quanta/en“/see/steradian, have Gye c wean 
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independent of In this enue the total rediation traversing 


. bg 
48 from the right will ve, 
t I dw. But dw = gin? 29 


hemlephere 
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Consider sow a unifers sphere ef racdive F em end abeorption 
mwerficient 8 ca”, jn on infinite disctribeted seurce vith the 
gane parameters J and n oo above, The flue inward fer « point 
on the surface of the sphere will te the same ac the 1, obtained 
in equation (4), How, if the outward flux is determined, it 


will be possible te determine the aunber of cuente ebsorhed by 


the schere. 


from the exeteh shown, 
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If we let u = Ges p » then dw w «du de, and a= 2. Therefore, 
ma ~2iRu 


T mG ye I ¢ dou de, 
Ll ae 
o 


which reduces te 
ae ae ~ 2 : 
Tn, man lL» @ / Pa UO peg aie Ui tek FSBO UL AIRRE Sd GC 


If now we tske the ratio (1 Pop We) , We obtain the fraction 


of incident energy thet ie absorbed. It should be noted that 


% 
| Ma a iN Gee Nes en i SO ig is ta 


and ig indevendent of the varemetere of the source, 


If now the sane quantities, for an infinitely lenge evlinder, 
with paremeters Hand ©, gan be obtained, the rewnult will give 
an indication of the cemnt that eould be obtained with an absorbing 
detecting instrument in the terehole, 1, in this case will be the 
sane a9 for the aphere, #¢ 1% is indesendent of shane of the 
cavity, but I will be 
“Wr 


I = tT @ aw eG sGWechedca tase aan Ce 
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where the values are as shown 
in the sketch, and 
r= 28aog e/tos J. With the 


particular angles shown, 


dw ™@ oe 4 deep eo that 


V2 tz 
I=4 i f I, exp (26RCes #/CosP ) GosD ded Y oo (9) 
bi i} 


Again, the sbaorotion ia « function of WR only, say 
(I, me 1n)/My ee t (ye) Fee ae all een 


The integral in (9) cannot be evelusted In siaple terme. 
However, the above work does show a mocthed of determining the 
intensity of radiation in a borehole, ond ffx) eould, if necessary, 
be evelueted nuomericcliy for « series of valoea of x. 

Case (414) does not accurately rerresent the sctusl condition 
in the borehole, Firstiv, there ie the fact thet a detecting 
ingtrument is not infinitely lone, ani setoncly, @beoerption in 
the oaaing wail bas net been considered, The effect of the casing 
well is not #rent until the ancle ",~ " vecomes large. “hen, any 
raiiation entering the detector oust traverse oa considerable thick 


nese of wetal, 
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Ruesell (1) haa stated thet, as the senaitivity of the 
Lane-¥elle ionisation chamher fe incressed, the logging rate 
must be decreseed, in order that etatistical fluctuatione will 
not hinder the tnterorete¢tion of the log, ‘the wording used is 
eonewhat anbigueus, since the meaning of the word *senaitivity" 
is not defined, "Sensitivity", as Ruesell uses it, must mean the 
amplification applied te the ionization current fluctustions, 
aince it would not be weasible to change the preesure or volume 
of an fonigation chamber et the bottom of a well by merely turn- 
‘ne a dial et the surface. If thie le the cage, Pusseli's 


we 
$ 


argument helda. He stetes that an eversging cirevit with a 10 
secend time congtant is ueed when locaing speeds of 1500 feet an 
hewur sre emplowed. his averages the intensity of radiation over 
the thinnest strata litely te he encountered: about © feet. If 
the thickness of easing er cement surrounding the borehole ia 
ereat, a very low intensitg radiation will be observed, and it 


will be nesesenry to inceresse the sensitivity of the instrument 


in order to note the variations in intensity. In so ¢oing, 


factor, ont they reader the log difficult to interrcret, To overcome 
this, 2 longer time constant is used in the circuit, to smoeeth out 
the nintietinat fluctuations. Then, at the same rate of logcing, 
the instrument would not stay opposite a thin leyer of roek long 


enough to log it accurately, so it is necesasry to decrease the 


Logeing speed. 
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Om the other hand, if the real sensitivity of the detector 
eould be increneed, BY increasing the fraction of incident 
radiation which is absorbed, the rolative stutistical fluctuation 
woulé be decreased. “his would allow a decrease in the time 
constant cf the recerding circuit, eno on increase in the logeing 
speed. It is in thie sense thet the term "sensitivity® is used 


in this thesis. 
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& Wigulé phosphor has obvious advantages, and in the fives 
at tenyt t moke & scintillation counter oulteble for well-loccing, 
® a@lution of terphenyl in xylene was chosen. égeoriiag to 
Heynelds (12) thie aclution hee a decay time of about 0.027 p sec., 
and gives Light whieh is well sutehed spectrally te either « 
931A or & 1F21 photomultiplier tube. Diffieulty wae encountered, 
hovever, in obtaining reproducible reeulte with thie Liquid, ané 
it ia believed that the curity of the sclutien vee at fuult. 
Sinee the tubes hat te be tmcoreed in the Liquid, ond se ei 
aocerainue bul te be vorteble, it wee necessors to howe the tudes 
sealed into 2 ean containing the phosphor. Tylene ig o etrong 
eolvent ond attacks rubber and bekelite, oo it was neceasagy to 
use an ineoluble plastic paint made up of cellulose acetate 


seetone for the secline ececnt fhe bakelite 


bases of the photoaultipliers were covered with eeny couts of 


anpenent vas Uaed, the response was very 
erratic. Usuelly after the solution ha? been sealed in for 
time ite ability te acintillate dresped off, It is theught 


that the liquid was able te get at sone minute excosed porta 
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of the bakelite, since it was difficult to obtain e good contact 
detween the bakelite and the plastic paint. ven when the 
solution was working at its best it gave only about 2/2 the 
response obtained with a 2 ce naphthalene crystal. The quantity 
of licuid phosvhor within the range of both photocathodes was 
about 12 ec. 

After the difficulties encountered with the liquid phosshor 
a terohenyl crystal, shaved to fit between two [931A tubes, was 
obtained. This crystal, with ahout 9 ec exnoosed te hoth vhoto~ 
cathodes, produced a twenty fold increase in sensitivity over 
the small narnthalene crystal. 

At the time the instrument was constructed, there were 10 
931A tubes on hand. fince it is possible to substitute 1P21s 
directly for 931As, a matched set of 1P21 tubes was ordered, 
and construction was begun with the lese sensitive 9JlAs. It 
was not poseible to obtain the lP2le while the recearch was in 
pregress, so 931lAs were used throughout. Of the 9314s evailable 
the two that were best matched were chosen. “This was cone by 


comparing both noise and signal pulses on a Lavoie Oscilloscove. 


(ii) Gon: 


As mentioned above, in the first attempt, the tubes were 


sealed into a brass can containing the Liquid phosphor. With 
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the ternhenyl crystal it was not necesssry to make the unit leak- 


proof, but it was necessary to protect the photo-ecathodes from the 
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least smount of extraneous Light, end so a statter con wae wads 
*o obtain this, the tubes wore inaerted throuch rubber sockets, | 
shown croae-hatehed in Figure 3, with enother gaeket mder the 
cover of the oan. ‘The shape of the erpatal, and ite sire 
relative te the vhotosultiplier tubes, are shows in Micure 4. 
Sven with the rubber gaskets it was nenesenry to corer the can 


with = heavy dark cloth when the inateument was exposed to 


Light. 


She eireuit for the preaselifier asction wae the same as 


that uael by Coltean 


(6) excert for a change in the size of the 


eric pesisteor, Pigure 3 shows & complete cirevlt dlagras of the 
inetrusent. Separate preseplifiers and pulee inverters were used 


for the two chotowaltiviier tubes. 


the preamplifiers were of the 
wideeband type gince, if they sre to pose pulses of chart duration 
ané short rise tine they must be able to handle a wide range of 
frequencies. The potentisl dividers fer the ghotomrl ticlier 


‘tubes provided equal voltage stene for the various dynx 


te gteges, 
althouch Mitehell (7) has onerested that a higher cotential on 
the first stoge and on the last few atecea will vreduece a higher 
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Figure 3. 


Naa 


Ti! va! 
any 


T 
iy 


Fs) 
A at 
ia 


Verphenyl] Crystal and. 
9414 Photomultipiiers 


2d. 


26. 


Z9ZPUNOH UOTPVTLIGUPSS JO qTNesTO °¢ sanFty 


ISAOT IGT 
*peusyy QouepTauyzos e299 29auy SLOTJ EL Saee2 4 SkST [CTA Tax 
2006 €r9 pue Lus9 9f9 tooo zdi 2e ite 


29 SINZRVId Tiv 


s4fQ01 = 99 = 
sf10" = 19 
4 Ol 
» 001 OO! 
100% 
| | ie 2) 
400! 
No? 
(> 
99 99 ies 39 ; 
Wi oe ee 
und woe 
Twnais | (=) 
z006 
"934° 
AOQOE + 


Wey ma a 
WE OND, 
Viky 


AC 


The 0.01 pf condensers (6, in Pig. 5) across the bleeder st 
wins of the last four dyncde stages of the rhotewuLtiplier tube 
were inserted to handle very large inetanteneous currents 
during large signal pulees. A gain control ia sleo provided at 
the last dynode stage, to permit Llovering the movi fieation ~~ 
ae not to overload the 9001 rentode when lorge pulses occur. 

The colneidence cireeit used is one gevieed by Simore 


and Sande (13), ond reoulres negative pulees of 0 volte or more. 


fhe cutout pulse is of the order of 20 volts positive. Separate 
power suculies were used for the coincide ee clrevit end the 
amplifiers to guard againet feedback: from the coinecl¢ence cirentt 


te the amplifiers. 


A eathe’ e follower is provided on the outeut to ¢rive at 
low impedance the esble lesling to the recording unite 

it was necessary to mount ali the coxponents ehown in Vigure 5, 
plue the eryetal, in « evlingrics! ease which could be lowered inte 
& borehole sbout § inches in Giemeter. 46 is shown in Figure 6, 


etee] rod ponaing throuch their ¢entere, The discs provided 
space £6 mount the’ eight ven tubes, ane one large trivle 

100 pf ev akscanr. ha reaistore were mounted on atripe parallel 
te the center red, te vrevide onf fichent epace for the revaininge 
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The recording unit consisted of a diseriminator and scaler 
incorporated in an Atomic Inetrusent Comnany Model LOLA Sealer, 
and a DBD. C. amplifier end recording milliometer obtained from a 
Brush Strain Analyeer, The scale of & output was connected to 
the D. ©. amplifier of the Brush Recorder, civing a “pin® for 
each eight pulses. The recoriing nen was cupable of a frequency 
of 120 G.p.s. 50 that on upper Limit of about 60,000 c.rete. wae 
set by the recorder. It was oricinally hored that the reaponse 
te gomma radiation in the borehole would be hivh enowh to volace 
o B.@, ovabuntice circuit between the ecaler sani the ©, Oe 
asplifier, thus converting the recorder inte o counting rate 
meter. 

A 9 wire shielded cable was used ta conduct rover to the 
detecting instrement, te conduct euiges to the «urface, and to 
support the instrument. Only 7 ef the 9 wires were required. — 
The ecsble shield was etrong enongh to suprvert the weight of the 


instrument oné 100 feet of exble. 


Pressure at the bottom of a borehole, filled with drilling 
can be , ; 
mud, 4k arproximately 1000 p.¢.4. por 1000 feet. This necessi «tes 
@ very estrone preesure ticht outer casing. Since only ebeut 60 
feet of water wouid be encoutered in the vrelimiaery fielé triale, 


leas strength wae required. Nevertheless there was vome <iffievity 
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in obtaining a cressure tight case, In orier that the inatrument 
would not be too heavy for the cavle, and so that not too many 
gemma rays would be absorbed in the cose, an aluminun pipe wee - 
used. Ite dimensions were 4.5" outelde diameter by 27" long, 
with o 1/4" wall. "Acure 7 46 © eress-avetional view of the 
esse. Mote that the inner Tlenge, to which the ton cover is 
connected, hae about 1/4 of an inch filed off on two ovrerite 


aides #0 thet it ean be placed inside the permanent 1/8 inch flange 


Figure 8 showe the detector with all xsaneiated eqaloment 


eaeent the recorder. 


PRE RG Ge Rie eee OS ee 
{ a ) BO OS SMe att ee eee 


Sven though a matched pair of photomultiplicr tubes was 
aelected, it was necessary to make further ed justments eo that 
beth tubes had aporoxiaately the sane noise background. This 
agein was done with the aid of the Lavoie oecillescove. In order 


to have maxiww: amplifieation the tube with the lewer nolge back» 


eround was «ct af full geuin, Then the euin on the secon’ tube 


wae reduced witil its nolee pulses arvenred the same as the 


noise pulses ef the first tube. At this setting, beth tubes 
gave about the anne resvenese to a signal produced by irradiating 


the chesphor with fame rey. 
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(11) Biserininator setting 

Owing to the nature of the coincidence clrevit, small pelses 
were obtained at the output even ven a coincidence had net occured, 
This was observed by turning the gain on one photomultiplier as low 
as possible so thet the tube was no longer in operation. Signal 
and noise pulses from the second tube were observed as 1 1/2 to 
2 volt pulses at the output. To eliminate these the discriminator 
as set st ¢3 volts for all eubsequent teste. Thie aetting did 
Gigserininate against sone partial sieneal coincidences, but vould 


aleo block partial nclse coincitences, 


7 ss Rs att otc Feb ae Ch PRE ee ae aye aM, e oe eh Pes em 
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The outent at the snode of = pheteaultirlier i« a charge. 
which produces a voltage woon the enede ec»naeiter. The anede 
capociter is asde up of the anode cupaci tance of the photo- 
multivlier tubs, the grid enpacitance of the preanplifier tube, 
end the stray eepacitence due te sockets and wiring, If the 
erid lead is kept to « ainimum lencth on anode caracitance of 
about 11 PP f ie poesible. Theoretically, the linitins factor 
in pulse height is the sise of this ceracitence. The grid 
resistor serves only as a bleeder for the capacitor. The tins 
eonatant of this eireuit soverns the lencth of the oulse, although 


the decay constant ef the vhosphor sete a lower lisit. 
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However, if the B, G. time conatant te of the order of the 
_ deeny cons tent of the phosphor, a Lower pulse will be observed 
than if the 8 G time eonsteant 40 comparatively lenger, This ie 
due to the fact tht the charce leska off the gapmeitor tust as 
quickly as it 1s fed on. 

i¢ was found that, with the rertiqeulor eirenit used, it wee 
necessary to have a cvlse lencth of the order of 5 p seconds 
before the pulee vas lerre encuch to eativate the eoinetdenee 
¢irenit. / This is long compared with the decay conatent of the 
teryhenyl crystal (0.012 u sec.), and ia the principal factor in 


determining the resclving time of the ecemiete counter. 
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A Hewlett-Packard pulse generator wie available with which 
to test the cireuit. The generator produced s squore pulse of 
adJuetadle voltage, positive or negative, ond vwariacble in length 
from 10 to 6.2 u sec. It was also provided with a synchronize 
ing pulse, about 37 volts Of either sien and 2 u see in length, 
with an adjustable ¢eley line so that the signal pulse could be 
Geisyed wp te 100 b seo efter the syuchrenicing oulaa. 

F or the first test, the signal eulee was apclied te both 
grids of the 6897 coincidence tube, With a pulse of =20 volts 
on each grid, the coincidence eirevlt ontout eave a rositive 
pulse of 4.5 volts, and with & peximwe inpub of «$5 volts a 
+1?-volt pulee was produced. Between these two points, the 
eutest varied approximately linearly with the inrut. 

Yor the eeconi test, the signal selee wae placed on one 
arid, and the synchronising pulee on the cther. ‘Yhen no deley 
vas fimpoced, and the signal oulee set at «LL volte, the coincidence 
pulee wee +3.2 volts. “hen the aiene) wea delayed «o that ao 
eoineidenes eceured, beth input pulses fed throvch to give oute 
yut pulses of 41.5 walts. This made 1t noaeible to obaerve on 
the oscilloscere the actual delay of the signel rulse. 40 ovtont 
pulses of 411 volts was observed when the elenel pulee was raieed 
to «31 wolts. Agsin the cutewt varied Lingerly between these two 


poir te. 
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Finally, the delayed pul«e was moved slowly shead until 
it began to overlay the synchronizing pul@e. A coincidence pulse | 
wae observed when the two input pulses overlapped by about 0.2 u | 
secs. The outrut pulee wae aunroximately the same length ae the 
overlap of the two inpwt pulses. 

The generator pulses had quite sharp edges, whereas the 
pulses from the scintillation counter had slesing edges and 
a steep maxinum. The ceincldence pulse therefore reached ite 
full voltage only if the coincidence wee very clese, Thies da a 
definite sivantace because pulses due to incident radiation were 
usually in exnet coineidence, Aaecidental coincidences, causing 
only a vartiel overles, eave ontevt voltaces ef lover voltage. 


Taese leas than 3 volte were eliminated by the ciscriminator. 


Sines temperstures as high ae 60°C may be encountered in a 


deep borehole, « test was made to determine the effect of temperature 
on the accidentel nolee ecineidences, The nhetorultirilers were 
inmersed in = controlled texmerature water both, ant held at 

various tecneratures while the background counter wes taken. The 
reaults of the test «re plotted in Tieure 9 which ahows the 


expected ranid ineresse of bacxercumd with increasing temperature. 
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Figure 9. 
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It was necessary, also, to teat whether the gamma-ray 
sonsitivity ef the completed counter varied with tesmerature. 
Yor this vurpece the whole inetrusent, including the outer 
casing, wes pleced in a barrel of water whieh eould be Filled 
with hot or cold water. On account of ‘en tien volume of vuater 
the temperature dic net very by note than » degree during the 
time necessary to aake 4 reacing, and ne evecial temperature 
control was necessary. Comte were mote of the naturel colneldences 
due to cosmic rodtetion, ani aleo with a enbalt 60 eeurce at a 
fixed distance. Figure 10 shows the response of the detector te 
te these twe raiiations at various temperstures. The orobable 
errors for the ecbalt 60 counte are not shown, evince they are 
neclicible on the seale of the erarvh at theee hich countine rates. 
She response was feund to drop off at the higher tempeoretures, 
goverentiv in contradiction to the results. obtained from teat (mh). 
The only explenestion is thet the terchenyl ergetal fe sensitive te 
tenpersture, There Xa 20 date avaliable to svuprort this stetesent, 
elthouch siallear effects Reve heen observed with other eryetels 
(14) (15). According to “nestrom (16) the response of the 
photomultiplier tudes inerensee alichtly, although sot in 
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When the response curve for cosmic revs is corrected for the 
accidental coincidence background (which becomes arvreciable at 
the hicher temperatures) the resmonse decreases by = factor of 
about 1/é over the temperature range concerned, in sereement with 
the result for the cobalt 66 source. 

It shovld be noted that the temmerntures shown in Figure 10 
are those of the water surroundins the instrument. The actual 
temperature inside the case was probably semewhat higher on account 


of the heat cenerated by the filaments of the vacuum tubes. 


(a) 


The stability of the inatrument is of importance, so a atudy 
was made of the response after the instrument had been in | 
operation for various lengths of time. Figure 11 is a plot of the 
sobalt 60 count agninst time of operation, The response drooned 
off quickiy fer the first howr and a half and then flattened 
out. Thies can be attributed to e faticue effect on the phote~ 
multipliers. @8nestrom (16) states that the fatigue will disappear 
after the tube hae been sllowed to rest fer a few hours. Sven on 
the flat oart of the curve, some of the points ceviate from the 
straight Line by ouch sore then the statictical probable error of 
the high counting rete. Jorden and Sell (17) stete that a broaden- 
ing of the classical Foissenian distribution ef the ineident games 
rays moy be caused ty a etatistical distribution of the secondary 
emiseion in the dynede stazces. SZither this factor, or instability 


of the instrument, could account for the fluctuations observed. 
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fo cheek the time distribution of the counts obtained, 300 


readings of 8 second intervals were taken for the cooniceray 
background. By acplying the standard Ghd Sqvuere test for curve 
fitting it vee determined that there was a 30% probability that 
the observed dietrivution was Poissonian, If this probability 
ie as hich as 10% one can treat the observed dictribation as 
the same as the theoretical distribution in deriving proboble 
errors. ‘jueh ie the case here, eo the Poleson diatritmtion con 


be asewmed. “oth the observed and theoretical distributions are 


platted in Figure 12, 


To estimate the efficiency of the counter, a Hadiosetive 
Products, Inc." roentcen eoter was used to Getermine the flux 
of gomna radiation from the cobalt 60 sovres. Cobalt emite two 
gomme rays, of 1.1 and 1.3 Nev enerey. To aimplify the ealevletions 


& single averace energy of 1.2 Mev. vas aeoumed. For 1, Zlley, 


gamma reyes the linear sheorptieon coefficient in air is 3.5 2 10” 3 en 


A goonteen is defined as that quantity of gases radiation which 
will produce 2.05% x 10? fon pairs ver co of etendard air, which 


represents on ebsorptioa of energy of 6.°7 = 10" Hew ver oc of 


*Yodel i~l Eadiation Survey Meter, 


1 
° 


Yara) 
1 rues 
Woe ue 


: 
H 
‘ 
= 
i 
i 
=} 
> 
| 
or 


ete oi re 
b 


bee 


a 


| ee ee 


St 
' 
' 
' 
: - ae eal See od ee ae 
t i] 
| | 
i | 
‘ ; 
i 
j 
4 T 


aaa 


=x -_ 
tema Te 


as 
ma 


Se ee re 


COSMIC RADIATION 
BACKGROUND DiSTRIA 


rm ‘SF eee kk ET 4 * 
a Be } 2 ¥ BER EE f ? 3 y ‘ 
~—-O--- OBSERVED 
g 
~~ . 


DISTRIBUT 


iW N i 


ae apache 2 aa BY aie RR ST RE ee iene ae) i A Rael 3 
if | i 
H é & 5 ‘ : : 
pf t / : 
fa : eS ; | | | 
AG eae a Pie Ea & LOPE ANE) AVRO 5 REMAN a Temas Ge lb ee 
= | cod | 
iif ey 

oe | ; 

CS on! pint. | 
tir 45) mewerab aor n non! eR WES RANMA SND see DE A “ ” 4 ° o ~ os vs + roo F 

a } i ; : 

a aK ‘ - 4 4 : ' § t i § , 

ee ip. j J ij i : j * } t 
ae : v] q : , i f 
Be: f i A } ' 
het ae 3 / | hs My : : 
yoke ail 4 ~“ oe See ee abentedtnrenaianisemnbhiinees el eT ere ey nee,  Vahaehehetdaoadementestl “dieabetiaieacetialo tentceaeh och oiebadidaeoniatieitentnetaidaietenieaaa Uatematiantaiieacaineaciinhiiedadis anidbecal ee . a 

~ Q - } 


Be | 


— 
* 
oe em ee me ee ne 
- 
<r 
Pa aE Vote Mots ea RS 


|. Re: 
a “esl ; 
." i _; He ~ -! t S ; = (i ee Cr. EL OS eG SS «A ie oa i ae 


a es ‘ ; 
SS eee aS 


3 

i 
’ ee f “Ss ie me: oe cere 

ssosetaneeninasiandetiemnttanimntn adimnenietnbaintemneenatinrstesieeetinana tices ata 


Fi 


Ob Rane ALES, 


ne ee nt ee erin rts Boman 


fatness a tamrstis AA Arse to — 0 


= 


SH ee = 


standard air. Using theese figures it is pessible to determine 
that a flux of 2,69 x 10" quanta por on? per minute of 1.2 Hew 
famnaes is required to produce 1 milli roentgen »er hour, With 
the ccometry used, an intensity of 2.0 = ch wah vue at 
the locetion ef the scintillation counter. The large possible 
error is due te the limitations of the roentcon meter. The 


area presented by the ergestal wae 6 en", ao thet the tetal number 


or goema rays vhich were incident woon the crystal per minute was 


mex 6 em? x 2 in. = (3.2 2 0.6) x 109 opants 


min 
Thie Cisure ie te be compnred with the chserved eerenviee rates. 

Yor the eryatal alose, with no cas# or covering, other than 
a dark cloth, the cbserved rate was 26,350 en om, sinteen 
efficiency of 8.2%, Por the sawe as ebove excest for « tinfoil 
reflecting coat on the eryetal the rate was 32,206 Creme, an 
efficiency of 9.7%. With the tinfoil, the photomultiplier cen, 
and the instrument in it« sluminum ease the rate wes 21,200 erm, 
an efficiency of 6.6%. 

These efficiencies are low compared to those claimed by 
warious suthors, moet ef chom give on efficiency of about 20% 
for quama rays, while a few go ae hich as 60% when ueing elaborate 


reflecting mirrors to direct all light sreduced to the chotecstnode. 
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However, these hich efficiencies are in the core of one tube only. 
Ueine the coinetdence method, the Light produced by one gamus ray 
avantum muet be divided between hoth tubes. Since a certain 
amount of light will he ebsorbed by the crystal during trana« 
mission, it ie quite remsonable thet the effidiency for auch on 


inetrument would be lower then the efficiency of 2 aingle tube 


ine trument. 
(«) ioter Wall. 


Pigere 13 shows the en 


wen. ray log of a vnter well on the property 
of the Lane Yells Comvany «$ Edmonton, Alberta, obtained with the 
egintillation tree detector. "hen 1% wae found thet the counting 
tete wee not hich encuch te allow logeing the well by avvine the 
instrument 4% a cenatant rate, the recorder wae Ciseennected, and 
4 one aimute readings were texen on the senler every 10 foet. A 
definite low wae observed at the 76 foot level, a6 the recorder 
wae reconnected, am readings approximetely 5 minutes long were 
teken at 68, 73, 78, and 83 fect. ‘The Lane Yelle Company had 
taken, about twe years previously, « cemme-rey log of the weil 

by their ionisation methed, which ie shown in Figure lv, The 
agreement between the two 1: fairly close, esrecielly in the 73 
to &2 foot intervel. fhe personnel of the Lane Wells Company 


interpreted the lew at 78 feet to be dune te a seam of coal. 
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WITH SCINTILLATION DETECTOR 
Figure 13. 
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RADIATION INTENSITY INCREASES 


Figure 14. 
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The Lane Yells Company took their log of the well at 20 
feet per minute, wherece with the scintillation deteutor, it 
took a time of about 1 be. of acteal readings to obtain the 
sketchy results shown In Pigure 11. “his oreves that the 
acdintilletion detector, se it ie now, is not sensitive enough to 
permit the loging of wella economically. If it cowld be 
improved by o factor of 5 or BO, $¢ would prevebly preve practical. 
The detector ani its associated equipment in the field are 


shown in Figure 15. 
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(a) Sonelustona | 

It may be concluded from the above results, that the 
aeintillation counter, os constructed for these triala, te not 
a practical instrument for qomma~-ray weli logcings. Firstly, 
it 49 not sensitive enough to permit logring at an economical 
speed, and «till retain the nesessury acevuracy. Secondly, 
the manner in which the response drops off s% high temperstures 
would eeriously impair a log in a deep well, unless compensation 
was made for the teanerature chenzes. “ven with = correction for 
temperatura, it would be neteseary to decrease the spsed of logging 


at hich teucersturea. 


Inprovewents are required in both the eensitivity, and the 


temperature dependence of the inetrument. To improve the 
sensitivity, @ more sensitive tyre of chotemultinlier covld be 
nged, The more sensitive tubes have « low neise beckground, 80 
that the tube could be oversted at a hicher voltese to provide a 
| higher gain. Ife higher gain vas obtained, it would be possible 


to shorten the pulse length. (See Section 3 (d)). This would 
reduce the number of aceidental coincidences and not effect the 


signal eount. Another plan to increas the sensitivity woul’ de 


to vse a crystal, such as Bel whieh has « higher efficiency 7or 


Zenea FaY2~ 


ol. 


As seen from Table I, the 9314 type of photomultiplier has 
& small photocathode compared to the 5019 end window tube. If 
5819 tubes were used, a much larger phosphor would be practical. 

Yennperature control is the major problem. Mr. Benjamen 
of the Lane-Welle Company et Sdmonton hae said that at present 
Lane-Nells has shout four scintillation detectors in the field 
in the U. 5. Aw They ere trying to keep the tubes and crystal 
ate constant low temperature with liquid air, or dry ice, This, 
however, ia provine very difficult, since « anenantone pressure 
is built up inside the instrument aa these rateriela vaporize. 
However, something of this nature must be cone in order to 
obtain reliable results at « constant logging speed. 

It ia probable that a oi ntidiaNine counter suitable for 
radionetive well leezine could oe developed. However, it is 
certain that it would require a great deal more research, besides. 
equipment whieh is net now avaliable, and might be gifficult to 


ostain. 
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